who analyzed an ensemble of Mark HI geodetic VLBI data obtained from [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] to determine the evolutions of a large number of baselines.
The "global" solution of Ryan et al. [1993] 
Method and Results
In the present analysis we focus on the rates of change of b,_ line lengths (hereafter "length rates") for sites in iN_ rth America.
We limit our attention to baselines which extend, at least in part, over the near field and periphery of the ancient Lanrentide ice sheet. We will not use baselines which include sites on the west coasts of Canada and the contiguous United States, in order to avoid areas of well-known tectonic deformations, nor baselines which include the Ft. Davis VLBI site, which are characterized by anomalous, and as yet unexplained, variations in length. Applying these criteria to the sites included in the GLB868 solution yields a set of 19 baselines; these are listed in Table 1 , (together with the length rates obtained in the GLB868 solution) and illustrated in Figure 1 . (Ryan et al. [1993] scaled the unc,,rtainties so that the reduced X 2 for the series of baseline estimates is unity. For Richmond-Westford we have used two significant digits for the a because rounding errors would be large with respect to the value.)
Oux" predictions of baseline length rates will be based on the spectral formalism for computing three dimensional motions detailed in Mifrovica ef al. [1993b] , which is appropriate for the surface loading of a spherically symmetric, self-gravitating, linear visco-elastic Earth model. We adopt a spherical harmonic truncation level at degree and order 256 for the surface mass load. The load will be comprised of a model for the late Pleistocene ice sheets, and a gravitationally self-consistent ocean loading component.
The latter is computed using the pseudo-spectral method of Mitrovica and Pel*ier [1991] . The Earth models we consider all have an elastic structure given by the Earth model PREM and a Maxwell visco-elastic rheology. The set of radial viscosity profiles used in the calculations are specified below. In general these profiles are defined by the thickness of an elastic lithosphere (denoted LT), and by a constant value for each of the viscosities in the upper and lower mantle, respectively, vvu and VLM. (The boundary between the upper and lower mantle region is taken to be at 670 km depth.)
Our results will often be summarized in terms of the X= residual per degree-of-freedom (hereafter "reduced X _'') of the VLBI baseline length rates relative to the predictions obtained using the specified combination of ice history and radial viscosity profile. The reduced X 2 computed assuming that glacial isostatic adjustment does not influence the baseline length rates listed in Table 1 (hereafter "the reduced X 2 of the null hypothesis") is 3.3. In the following discussion we refer to a "standard" Earth model which has LT=120 kin, vvu = 10_'Pa s and V_M = 2 X 10 _ Pa s. In Figure 2 (solid line) we summarize predictions of the length rate of the RichmondWestford baseline for a suite of Earth models identical to the standard model with the exception that VLM is varied from 5 x 102°Pa s to 5 x 10 =tPa s. The ice loading used i1: the calculation was based on the recently published ICE-3G deglaciation chronology, which extends 
.3 a) -1.0 .c_ we also show in Figure 2 (dashed line) the component of the baseline lcngth rate which is due to radial motions at the Rich- Fig. 1 . The VLBI baselines included in this study. The letters on the figure denote specific VLBI sites, as indicated in Figure 3 we plot the reduced X 2 for the comparison of the VLBI baseline length rates with the predictions generated from many Earth models and two ice models. Figure 3a provides results generated using the ice loading adapted from the ICE-3G deglaciation chronology; each curve connects results from a set of Earth models constructed by varying a specific characteristic of the standard model (see caption). The two curves in Figure 3b are distinguished by the ice loading history adopted in the calculation. In particular, we generated the points on the dashed-dotted line using the ICE-1 model of Peltier and Andrews [1976] (adapted in the manner described above). The results in Figure 3 show Figure 4 . The dramatic increase in the reduced X 2, for Earth models with progressively thinner lithospheres, is clearly the consequence of a misfit between predictions and observations for almost all the baselines considered in Figure 4 , suggesting a rather systematic preference for Earth models with relatively thick lithospheres (i.e., LT > 100 kin). The pronounced increase in the reduced X2,'for ULM greater or less than a value near 10_I)a s, is due in large part to misfits in the predictions associated with the Richmond-Westford b_svliiie.
As an example, increasing u_M from 2 x l&_Pa s to 5 x I0 _ Pas results in an increase of the reduced X 2 by approximately 5.2 in Figure 3a . The increased misfit for plcdictions based on these two lower mantle viscosities, for the Richmond-Westford baseline length rate alone, accounts for 50% of this increase. (Mitrovica et al. [1993a] have found that fax field sites, such as Richmond, have motions which are drawn more strongly toward the previously glaciated region (in this case Laurentia) as ULM is increased. This trend gives rise to a transition from a lengthening to a shortening of the Richmond-Westford baseline as uLu is increased.) From Figure 3 we conclude that the current VLBI data set of North American baseline length rates may be applied to assess the acceptability of specific pairings of ic. and Earth models. Inferences of the ice cover over North America, and the rheology below the region, have been a source of active interest and contention in the geophysicalliterature (see below). In the following we consider a number of ice model/Earth model combinations which have been proposed for the North/kmerican region on the basis of a variety of independent geophysical and geological constraints.
The defining characteristics of four particular models are given in Table 2 . The column labelled T&P in Table 2 
0I
-_i-/ "..,. Table 2 provide the total reduced )12 for the VLBI determined length rates in Table  1 relative to predictions based on the models described above (see row "All 19"), as well as the contribution to this reduced X2 from predictions for each of the six baselines considered in Figure 4 . The lowest (total) reduced X_ values are obtained for the models DMVC and T&P. These reduced X 2 values are, however, indistinguishable, at the 95% confidence limit, from each other and from the value for the null hypothesis.
As a consequence of its low reduced X2 the combination of ice history and Earth rheology proposed by Tushingharn and Peltier [1991, 1992] of Richmond, in the far field of the Laurentide ice sheet, suggests that the viscosity model proposed by these authors would almost certainly have to be altered in order to satisfy the VLBI determined constraint on the Richmond -Westford baseline. Tile reduced X 2 associated with the model DMVC is about 25% lower than the value for the null hypothe-:.is. The result indicates that a relatively large viscosity contrast with depth within the lower mantle is not ruled out by the VLBI determined constraints on the baseline length rates listed in Table 1 . Furthermore, it indicates that the sensitivity of the reduced X2, to variations in t,Lu (Figure 3) , is more accurately identified as a sensitivity to variations in viscosity above 1900 km depth in the lower mantle (see also Mitroviea et al., 1993a) .
